AND CONCLUSIONS
INTRODUCTION
In the cat, accessory abducens (Act Abd) motoneurons (Mns) innervate the four slips of the retractor bulbi muscle whose cocontraction produces retraction of the eyeball into the orbit (McCough and Adler 1932; Motais 1886) . This retraction permits the nictitating membrane to slide passively over the cornea. Terni (1922a,b) was the first to observe a correlation between Act Abd Mn discharge and eye retraction following trigeminal stimulation in reptiles. The neuronal circuits underlying Terni's observation were only recently demonstrated (Baker et al. 1980; Berthier and Moore 1983; Grant et al. 1979) . Physiological recordings from cat retractor bulbi muscles during vestibular nystagmus revealed that they also contracted during eye rotation (Dusser de Barenne and de Kleyn 1929; Key-Aberg 1934; McCough and Adler 1932) ; however, unlike the clear trigeminal input responsible for eye retraction, intracellular recording from cat Act Abd Mns failed to find any evidence for the patterned vestibular input necessary to produce nystagmic eye rotation (Baker et al. 1980) . Morphological data showing that some abducens (Abd) and oculomotor Mns innervate retractor bulbi muscles (Spencer et al. 1980) could account for the discrepancy between the responses observed peripherally, in muscle, and those centrally, in Mns. We have investigated this issue directly by recording the activity of Act Abd Mns in the alert cat and distinguishing between eye movements related to retraction and rotation.
The participation of Abd Mns and lateral rectus muscle in eye rotation has been well characterized (see references in Delgado-Garcia et al. 1986) ; however, several studies have shown that in addition to the retractor bulbi muscle, all extraocular muscles contract during eye retraction elicited by trigeminal activation (Berthier and Moore 1983; Disterhoft et al. 1985; Dusser de Barenne and de ISleyn 1929; Evinger et al. 1984; Lorente de No 1933; McCough and Adler 1932) . Since Act Abd Mns do not innervate any extraocular muscles other than the retractor bulbi (Spencer et al. 1980) Abd and oculomotor Mns must receive a trigeminal input to produce the cocontraction observed during eye retraction. Several studies in the cat and rabbit have reported trigeminal activation of Abd and oculomotor Mns but have noted the synaptic efficacy to be considerably less than that for recruitment of Act Abd Mns-especially in the cat (Baker et al. 1980; Berthier and Moore 1983; Evinger et al. 1984; Grant et al. 1979) . Thus cocontraction of extraocular muscles during blinking could be due to either a weak, but distributed, activation of all extraocular Mns or a strong, yet specific, activation of only a few Mns by trigeminal stimulation. The present study investigated these two possibilities in the alert cat by recording from Abd Mns during eye retraction evoked by trigeminal stimuli and eye rotation induced by vestibular and visual stimuli. The results have been presented previously in abstract form (Delgado-Garcia et al. 1980) .
MATERIALS AND METHODS
Five adult cats between 2 and 4 kg were prepared for chronic recording of eye rotation and retraction as well as the electrical activity of antidromically identified Act Abd and Abd Mns. Surgical procedure
Cats were anesthetized with pentobarbital sodium (35 mg/kg) after a protective injection of 0.4 mg atropine sulphate. Employing sterile conditions, two scleral search coils were implanted under the extraocular muscles of the left eye (Fig. IA) . A bipolar stimulating electrode was placed on the left VIth nerve at its exit from the brain stem. Three bolts were cemented to the skull to immobilize the animals head during recording sessions. A 3-mm hole was drilled in the occipital bone, all accessible dura mater was removed, and a dental cement chamber constructed around the hole. Connectors from the eye coils and the stimulating electrode were soldered to a socket attached to the holding system. Between recording sessions, the brain surface was protected with a sterile silastic sheet and sealed with sterile bone wax. Further details of this chronic preparation have been described by Delgado-Garcia et al. (1986) .
Experimental techniques
Recording sessions began 2-4 wk after surgery. The animal was placed first in a cloth bag and then into a Styrofoam coated box mounted on the recording table. The animal's head was attached to the holding bar by the implanted screws. The recording chamber was opened and a microelectrode advanced toward the left Act Abd or Abd nuclei through the intact cerebellum (Fig. 1A) .
Unitary and field electrical activities were recorded with glass microelectrodes filled with 1 S-2 M NaCl (1-7 MQ of impedance). Neuronal activity was filtered with a bandwidth of 10 Hz to 10 kHz. The VIth nerve was stimulated with cathodal square pulses of 50-ps duration and current intensities lower than 0.3 mA. The activity of Act Abd and Abd Mns was recorded during spontaneous and vestibular/visual induced eye movements (for details see Delgado-Garcia et al. 1986 ). Air puffs were directed at the eye through an Eppendorf pipette tip. The duration and intensity of air puffs was controlled by a solenoid valve, connected to the pipette tip by plastic tubing. Maximal intensity was 2 kg/cm2, measured at the solenoid delivery valve. To determine the time at which the air puff reached the eye, a second identical pipette was directed toward a microphone placed at an equal distance. Microphone response time was taken as the basis for all the latency measurements.
Two separate, three turn, coils implanted on the eye allowed measurement of both rotation and retraction (Fig. L4 ). Horizontal and vertical eye movements were determined from the voltage signals produced in one set of pick-up coils by a standard 18-in. two-axis magnetic search coil producing a magnetic field at a carrier frequency of 32 kHz (C-N-C Enterprises). Because each pair of magnetic coils produced a central region where the magnetic field was uniform, the pick-up coil was insensitive to translational movements of the eye. The rotational eye movements were calibrated by rotating the two magnetic coils around the cat's head about the horizontal and vertical axes by t 10". A single-axis 1 S-in. magnetic field coil driven at a resonant frequency of 1 MHz was placed 1 cm in front of the left eye. Because magneticfield strength is proportional to both the distance and direction between emitting and pick-up coils, all eye movements were recorded by the second set of pick-up coils. However, subsequent electrical demodulation and subtraction of the 1 MHz and 32 kHz carrier frequency signals provided a reliable measurement of retraction. A linear operating range of magnetic-field strength and calibration was determined by displacing the smaller, 1.5-in. emitting coil tl mm in front of the eye. Neuronal activity, airpuff stimulation, horizontal and vertical eye rotations, and eye retraction were recorded on an eight-channel magnetic tape (DC, 5 kHz) for later analysis.
Data analysis
Field and unit potentials were photographed directly with a Grass camera from their display on a Tektronix dual-beam oscilloscope. These records were used to establish the origin, shape, and latency of unitary and field potentials. A total of 30 Act Abd and 50 Abd Mns were quantitatively characterized.
The functional profile of each Mn was first evaluated by visual inspection on a storage oscilloscope and selected sections printed on paper by a four-channel light beam recorder. Certain segments were further analyzed with the help of a computer program for automatic acquisition and display of unitary instantaneous firing rate, angular eye position and velocity, eye retraction position and velocity, and air-puff stimulation (Delgado-Garcia et al. 1986; Gomez et al. 1986 ).
RESULTS

Location ofAcc Abd and Abd nuclei
Both Act Abd and Abd nuclei were recognized by their antidromic field-potential profiles as the microelectrode was lowered through the brain stem. The Abd nucleus was located first, and then the recording electrode was moved laterally in OS-mm steps to locate the Act Abd nucleus. The center of each nucleus was defined as the site in which a maximum negativity was recorded (Fig. 1 B) . This position corresponded to the site with highest probability of recording intracellularly from either Act Abd or Abd Mns (Spencer et al. 1980) . In the five cats, the center of the Act In right records, two stimuli at 2 times threshold were used to determine the minimum interval for the Mn. E and F: modulation in antidromic unitary amplitude during air puff induced retraction. E: antidromic (v) and synaptic (air puff) activation of an Act Abd Mn. The all-or-none character of the antidromic invasion is shown in the inset at a faster sweep speed. Note the high firing rate during the air puff. The dot indicates the presence of a fast spike superimposed on a preceding one. F: three 2 times threshold stimuli (v) were applied to the ipsilateral VIth nerve preceding and during 2 short air puffs. Arrows indicate the facilitation of antidromic invasion in the presence of air puffs. 
Antidromic identz$cation oJ'Acc Ahd Mns
Criteria for the identification of somatic as opposed to axonal recordings were the following: 1) the shape of the extracellular potential (positive-negative-positive or negative-positive for somatic recordings); 2) the possibility of recording the neuron for over 100 pm; and 3) the occurrence of an initial segment-somadendritic break on the rising phase (Figs. 3A for intracellular recording and 7, A and c', for extracellular recordings). Given a latency range of 0.2-0.45 ms, the conduction velocity of Act Abd Mns was estimated to be 26-60 m/s. The mean minimum interval for double shock activation computed from well-isolated spikes was 1.6 t 0.13 (SE) ms ( Fig. 20 ; range, 1.1-2.1; n = 19).
Act Abdjield potentials evoked by air-puflstimulation in the alert cat
Air puffs directed at the ipsilateral eye evoked a field potential with a well-defined negative wave often followed by a smaller positive wave (Fig. 2, A and R). The negative wave was recorded not only near the center of the Act Abd nucleus, but spread widely throughout the surrounding region (Grant and Horcholle-Bossavit 1983) . If the stimulus was maintained longer than lo-20 ms, then the field potential often appeared as a succession of negative waves of variable duration, amplitude, and shape. As a rule, air-puff and field-response duration were proportional. Sometimes, the synaptic field potential produced by a single air puff appeared as two separate negative waves (Fig. 2B) cordings (Fig. 3E) . No detailed attempt was made to characterize the stimulus versus response duration of the airpuff-induced synaptic field potentials. The amplitude of the antidromic field potential evoked by stimulation of the ipsilateral VIth nerve increased up to three times in the presence of air-puff stimulation (Fig.  2F ). This increase was far greater than the 10% variability in antidromic field size seen in the absence of air puffs. Recruitment is also an unlikely explanation for this fieldpotential increase, because the air-puff stimulus was 2-3 times threshold for activating Act Abd Mns. The increase in Act Abd antidromic field amplitude with air-puffstimulation probably reflects the recruitment of dendritic spikes and their summation with somatic action potentials. In contrast, Abd Mns that do not exhibit dendritic spikes showed only a 10% increase in antidromic field size during maximal vestibular or visual stimulation (Delgado-Garcia et al. 1986 ).
Intracellular recording also confirmed the presence of dendritic spikes in Act Abd Mns. In spite of the low resting potential present in these intracellular recordings from alert behaving cats, there was a well-defined initial segment-somadendritic inflection (Fig. 3A, that the records originated from the cell somata. A membrane hyperpolarization with no evidence of recurrent and/or synaptic (orthodromic) activation followed antidromically evoked action potentials (Fig. 3B) . Air-puff stimulation produced small all-or-none spikes characteristic of dendritic-like partial responses (Fig. 3B, bent arrows) . The presence of dendritic spikes explains the occasional variability of spike amplitude seen in some extracellularly recorded Mns. In these Mns the dendritic spikes were added onto the somatic action potential (Fig. 2, E and F) .
In three cats the latency for the synaptic field potential induced by air-puff stimulation was much longer and variable during the first and/or second recording session than in subsequent sessions. This temporal relationship was carefully checked in the final two cats. During the first recording session, the latency for the synaptic field potential decreased in an exponential-like fashion to a stable response time of 4-6 ms (Fig. 2C) . After the first two recording sessions, the mean latency of the negativity recorded near the center of the Act Abd nucleus was nearly constant at 4.0 t 0.4 (SD) ms (range, 3-6 ms; YL = 150). Air puffs applied to the contralateral eyelids evoked a longer latency field potential at 6.2 t 0.8 ms (range, 5-9 ms; YI = 25). The amplitude was 40% of that obtained with ipsilatera1 stimulation (not illustrated). After establishing a stable latency, the mean latency for air-puff-induced eye retraction was 16.1 t 1.9 ms (range, 9-30 ms; y2 = 150). Time to peak of the retraction movement was 13.1 t 1.4 ms (range, 8-l 8 ms; n = 20; see Fig. 8A ). Eye movements induced by air-pufstimulation tential, the latency to the burst after air-puff stimulation Eye retraction was accompanied by complex rotational decreased during the first two recording sessions. Once movements primarily in the adducting and upward direcstable, the initial burst of activity began 7.2 t 1.2 ms (range, 4-20 ms; n = 120 responses from 15 neurons) after tion. The direction of eye rotation, however, depended on the position of the eye in the orbit before retraction (e.g., onset of the air puff. This initial burst of activity could Fig. 6C ). During prolonged stimulation, the direction of achieve a peak frequency of 700 spikes/s (Fig. SB) . The n ring rate of this initial burst of activity was higher in the the eye rotation could reverse as has been described in humans with forced duction (Collewijn et al. 1985) . The first interspike interval than in the second and third interhorizontal component of eye retraction could begin before vals. The relationship between peak firing rate and maxithe retraction movement (Fig. 8A ). This result implies that mum retraction velocity for seven Act Abd Mns was 52 t eye rotation accompanying eye retraction was not solely 10 (spikes/s)/(mm/s) (range, 25-70 spikes/s). A second, the result of retractor bulbi contraction, but was also due to lower frequency burst sometimes followed the initial activAbd and oculomotor Mn activation of the horizontal recti.
ity in the Mn (Fig. 2B) . Intracellular recordings from Act Abd Mns showed a pattern of synaptic potentials similar to the pattern of extracellular spikes in response to an air puff
Behavior of Act Abd Mns during air-pug-induced (Fig. 3) . This correlation suggests that the activity profiles eye retraction and rotation seen in response to air puffs primarily reflect synaptic input rather than intrinsic membrane properties. None of the 30 Act Abd Mns responded with a burst of spikes when an Act Abd Mns exhibited any spontaneous tonic activity, but air puff hit the ipsilateral eye and periorbital region (Figs.
they could discharge for prolonged periods (up to 900 ms) 2-5 and 8). As already described for the synaptic field poin response to long-duration air puffs ( Although all 30 Act Abd Mns responded with a burst of activity before eye retraction (Fig. 4A) , none discharged during rotational eye movements correlated with large saccadic displacements (Fig. 4B) or during horizontal vestibularly induced slow or fast phases of nystagmus (Fig. 40. Behavior of'Ahd Mns during air-pu@evoked . eye retraction and rotation Air-puff stimuli to the ipsilateral eye produced a small synaptic field which could occasionally be recorded near the center of the Abd nucleus (Figs. 6, E and F) . Consistent with this observation, only 5 of the 50 antidromically identified Abd Mns discharged in response to air-puff stimuli. A proof that the activity after air-puff stimulation was related to retraction and not to eye rotation is that the horizontal movement induced during eye rotation was frequently in the adducting (off) direction for Abd Mns (Fig. 7A) . The response of these Abd Mns was always less than that observed for the same stimulus in Act Abd Mns (Fig. S@ . The relationship between peak firing frequency and maximum retraction velocity for these 5 Abd Mns was only 12 (spikes/s)/(mm/s) compared with 52 (spikes/s)/(mm/s) for Act Abd Mns. Nevertheless, Abd Mns responsive to airpuff stimulation discharged even when the eye rotation preceding the air puff had silenced the Abd Mns (Fig. 7A ).
For horizontal rotation eye movements, the Abd Mns behaved as has been previously described in the cat (Delgado-Garcia et al. 1986) . A burst of activity preceded abducting saccadic eye movements by 10 ms, and a pause accompanied every adducting saccade (Fig. 7) . The burst in activity with saccadic eye movements did not reach peak firing frequency in the first three interspike intervals. This pattern differed dramatically from the burst seen in Act Abd Mns. All Abd Mns also exhibited a tonic activity that increased proportionally to eye position accompanying fixation in the direction of abduction (Fig. 7) .
DISCUSSION
Generalfindings and conclusions
The main conclusion of this study is that cat Act Abd Mns are exclusively involved in eye retraction. Not one of the 30 identified Act Abd Mns recorded in present experiments discharged with either saccadic-or vestibular-induced eye movements.
In this sense, Act Abd Mns are directly responsible for defensive eye globe retraction and nictitating membrane response (Baker et al. 1980; Berthier and Moore 1983; Meredith et al. 198 1) . Second, all 50 of the recorded Abd Mn showed characteristic eye position and velocity signals (Delgado-Garcia et al. 1986 ). However, five of the Abd Mns exhibited neuronal activity related to eye retraction. These latter responses could be modulated by both vestibular-and visually induced eye movements. Third, rotational eye-movement signals in the retractor bulbi muscle (Dusser de Barenne and de Kleyn 1929; Lorente de No 1933; McCouch and Adler 1932) must be ascribed to either Abd and/or oculomotor motoneuronal innervation (Crandall et al. 198 1; Spencer et al. 1980) , because no Act Abd Mns were active during rotatory eye movements. D$&erences in the location, morphology, presynaptic aflerents, and functional properties ofAcc Abd and Abd Mm
In all species of mammals investigated, Act Abd Mns exclusively innervate the retractor bulbi muscle (Baker and McCrea 1979; Evinger et al. 1987; Guegan et al. 1978; Spencer et al. 1980; Spencer and Porter 198 1; Szekely and Matesz 1982; however, see Grant et al. 1979) , whereas the majority of Abd Mns innervate the ipsilateral lateral rectus muscle (see McCrea 1979 and Evinger 1988, for review) . The number of Abd Mns innervating the retractor bulbi muscle ranges from 10 to 15% in cats and up to 50% in rabbits (Crandall et al. 198 1; Gray et al. 198 1; Murphy et al. 1986; Spencer et al. 1980; Spencer and Porter 198 1) .
The conclusion that Act Abd and Abd Mns have distinctly disparate functional roles correlates with difference in morphology and afferent synaptic organization (Grant et al. 1979) . As expected for highly phasic Mns, Act Abd Mns exhibit a larger soma diameter, possess a more extensive dendritic tree, and occupy a different spatial domain than either the more tonic Abd or oculomotor Mns (Destombes et al. 1983; Evinger et al. 1979; Grant et al. 1979; Spencer et al. 1980) . In addition, axons of Act Abd Mns are larger in diameter and follow different trajectories than those of Abd Mns (Spencer et al. 1980; Steinacker and Bach-y-Rita 1968b) . The major synaptic inputs to the Abd nucleus originate from the vestibular nuclei and the pontine-medullary reticular formation (Baker and McCrea 1979; Escudero and Delgado-Garcia 1988) . For example, the ipsilateral inhibitory and contralateral excitatory disynaptic semicircular canal input and the ipsilateral disynaptic utricular excitatory input to Abd Mns underlie the operation of the vestibuloocular reflex (Baker and Highstein 1978; Baker et al. 1969; Highstein and Baker 1978; Schwindt et al. 1973) . In contrast, Act Abd Mns lack this extensive vestibular input and, at most, receive only a small-amplitude disynaptic inhibitory postsynaptic potential (IPSP) (Baker et al. 1980) . Thus it is not surprising that Act Abd Mns in the alert cat show no discharge with vestibular-evoked eye movements. The major synaptic inputs to Act Abd Mns arise primarily from the principal and spinal trigeminal nuclei and medullary and pontine premotor blink regions (Grant and Horcholle-Bossavit 1983; Spencer et al. 1980) . For example, Act Abd Mns respond with a large-amplitude, disynaptic, excitatory postsynaptic potential (EPSP) from stimulation of trigeminal afferents from the periorbital region (Baker et al. 1980; Grant and Horcholle-Bossavit 1983) . In contrast, the trigeminal input to Abd Mns is smaller and of longer latency than that observed to Ace Abd Mns (Baker et al. 1980) . These observations are completely consistent with the weak and infrequent activation of Abd Mns in alert cats by air-puff stimuli.
Another distinct difference between Act Abd and Abd Mns is the presence of dendritic spikes in the former but not the latter (Baker et al. 1980) . The extensive trigeminal synaptic distribution on proximal and distal dendrites of Act Abd Mns and the high synaptic efficacy of this excitatory input (Baker et al. 1980; Spencer et al. 1980; Spencer and Porter 1988) is probably responsible for the frequent finding of partial and full-size dendritic spikes in acute preparations and in the present experiments with alert cats. Partial and full-sized dendritic spikes do not occur after antidromic VIth nerve stimulation by itself (Baker et al. 1980) . Such active dendritic responses occur only in the presence of trigeminal stimulation. These active dendritic responses would contribute significantly to the fast, synchronous excitation of Act Abd Mns necessary to produce rapid, phasic retraction of the eye (Baldiserra and Broggi 1968; Bratzlavsky and Vander Eecken 1975; Lorente de No 1933) . Moreover, the presence of dendritic spikes in Act Abd, but not in Abd Mns, may explain the ability of Act Abd Mns to achieve a higher maximum firing rate in a shorter time period than Abd Mns (Fig. 8) . Interactions within the trigeminal system and the predominance of trigeminal synaptic input on Act Abd Mns may account for the intermittent nature of eye retraction after a single air puff in the alert cat. Studies in acute cats report a long-lasting suppression of afferent activity after trigeminal stimulation (Baker et al. 1980; Grant and Horcholle-Bossavit 198 3) . This supression of excitatory input would avoid the quick fatigability of retractor muscle units (Lennerstrand 1974 ) that would be produced by rapid repetitive trigeminal stimuli.
The properties of Act Abd Mns in the present study resembled those reported for other studies and species. The duration of trigeminal input found in acute cat experiments (Baker et al. 1980) and in studies on rabbits (Berthier and Moore 1983; Holstege et al. 1986; Moore and Desmond 1982) matched the values found in the present experiments. Similarly, the latencies of Act Abd Mns in alert cat to trigeminal stimulation agree with previous investigations in the cat (Hiraoka and Shimamura 1977) and the rabbit (Berthier and Moore 1983; Cegavske et al. 1976; Moore and Desmond 1982). Eye retraction produced by the retractor bulbi
The differences between the Act Abd and Abd Mns are in agreement with the physiological (Crandall et al. 198 1; Lennerstrand 1974; Meredith et al. 198 1; Steinacker and Bach-y-Rita 1968a) , morphological (Alvarado et al. 1967 ) and histochemical (Asmussen et al. 197 I; Gueritaud et al. 1986 ) differences in the properties of retractor bulbi muscle units, and other extraocular muscles (see Spencer and Porter 1988, for review) . The fast-twitch rise time of 9.2 ms described for retractor bulbi muscle fibers in acute preparations after electrical stimulation of the Abd nucleus (Lennerstrand 1974 ) is similar to the time to peak of eye retraction (mean, 13 ms) recorded in present experiments. The time difference (3.8 ms) can be ascribed to the asynchronous onset of eye retraction in the alert-cat paradigm as opposed to the simultaneous activation of retractor bulbi muscle fibers after electrical stimulation of the Abd nucleus. The observation of sustained eye retractions supported by the maintained stable firing rate of Act Abd Mns like that shown in Fig. 5 agrees with the described values for fatigability of these muscle fibers in response to prolonged tetanic stimulation (Lennerstrand 1974) .
Abd motoneuronal activity associated with eye retraction
The discharge of Abd Mns can explain some of the activity found in retractor bulbi muscles. First, if, as likely, some Abd Mns innervate retractor bulb muscle, then this projection would account for the eye-movement-related activity of retractor bulbi muscles (Dusser de Barenne and de Kleyn 1929; Lorente de No 1933; McCough and Adler 1932) . Second, the observation that weak eye retraction still occurs after a lesion of the Act Abd nucleus and disinsertion of all extraocular muscles except the retractor bulbi (Cegavske et al. 1976; Disterhoft et al. 1985; see however Marek et al. 1984) could result from innervation by Abd Mns active with eye retraction. Third, Abd Mns could facilitate retraction by participating in cocontraction of all the extraocular muscles during a blink (Cegavske et al. 1979) . It has been shown that in humans and rabbits the extraocular muscles cocontract during reflex blinks (Bratzlavsky and Vander Eecken 1975; Evinger et al. 1984) . Moreover, it is the cocontraction of the extraocular muscles that produces the rotational motion of the eye during a blink in animals without a retractor bulbi muscle (Evinger et al. 1984; Collewijn et al. 1985) . Obviously, muscles other than the retractor bulbi must account for eye rotation preceding retraction in the cat. Thus, despite the small percentage of Abd Mns that discharge with retraction (estimated as 150-200 Mns), two distinct but complementary roles can be envisioned for Abd Mns during blinking.
The present results support the suggestion that eye retraction produced by extraocular muscle cocontraction and that caused by retractor bulbi muscle activation have distinctly different origins (Evinger et al. 1984) . A retractor bulbi muscle occurs only in species that possess a moveable nictitating membrane, but all species studied exhibit eye retraction regardless of whether they have a retractor bulbi muscle (see Evinger et al. 1984 for review) . Eye retraction has always served a protective function for the eye. Begining in amphibia the Act Abd nucleus and the retractor bulbi muscle have evolved in conjunction with the nictitating membrane.
Thus, despite being intimately associated with the Abd nucleus, Act Abd Mns do not discharge with eye movements.
In contrast, the relatively weaker trigeminal activation of Abd and other extraocular Mns (Baker et al. 1980; Berthier and Moore 1983; Cegavske et al. 1979; Grant et al. 1979 ) is a component of an antecedent system to the retractor bulbi that allows a primitive (truly so in an evolutionary sense) defensive eye retraction in a system largely designed for eye rotation.
These findings also have implications for the extensive studies on plasticity and learning carried out on the putative nictitating membrane response. Since eye retraction can be produced via two distinct central pathways, each with a specific subset of neuronal circuitry, interpretations of lesion results become ambiguous. Any central manipulation could result in the rapid augmentation of synaptic connections to the Abd and oculomotor nuclei that could then employ quite different central sites for learning and memory. The relevance of this point has been seen in the cat, and the magnitude would be more significant in the rabbit wherein 50% of the Abd Mns innervate the retractor bulbi muscle. For example, Delgado-Garcia et al. (1988) observed that axotomy of the VIth nerve produced a powerful increase in the synaptic efficacy of trigeminal input onto Abd Mns. Moreover, our preliminary observations reveal that antidromically identified Abd Mns and extraocular premotor afferents can be conditioned to air-puff stimuli by the presence of either adequate visual or auditory stimuli. Thus the presence of a rapidly modifiable retraction pathway, independent of the Act Abd nuclei, opens the possibility of numerous neural circuits that may participate in conditioned learning outside those traditionally associated with classical conditioning of the blink reflex (e.g., Thompson 1986 
